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SPIN-TUNNEL INVESTIGATION OF A 1/20-SCALE MODEL
OF A MODIFIED STRAIGHT -WING, TWIN-BOOM,
COUNTER-INSURGENCY AIRPLANE

By Henry A. Lee
Langley Research Center

SUMMARY

An investigation has been made in the Langley spin tunnel to determine the spin and
recovery characteristics of a 1/20-scale dynamic model of a modified straight-wing,
twin-boom, counter-insurgency airplane. Tests were made for the normal loading with
the center of gravity at 23 percent mean aerodynamic chord and for a rearward center -
of -gravity position of 30 percent mean aerodynamic chord. The use of rockets as an
emergency recovery device was also investigated. '

The test results indicate that the airplane will spin in the erect attitude for all
loading conditions and will spin inverted only for ailerons-with control settings. The
optimum control technique for recovery from all spins is movement of the rudder to
against the spin followed about one-half turn later by neutralization of the longitudinal and
lateral controls. Satisfactory emergency recoveries from spins can be obtained by the
use of rockets that produce an antispin yawing moment (about the Z body axis) of at
least 27 600 ft-1b (37 421 m-N) for at least 4.5 seconds.

INTRODUCTION

The subject investigation was made to determine the spin and recovery character-
istics of a 1/20-scale model of a straight-wing, twin-boom, counter-insurgency airplane.
The airplane is a modification of the airplane previously tested in reference 1. There-
fore, the present investigation was also conducted to determine if the aircraft configura-
tion and mass characteristic changes between the airplane previously tested and the pres-
ent airplane could cause any appreciable change in the spin and recovery characteristic_s.

SYMBOLS
b wing span, feet (meters)

¢ mean aerodynamic chord, feet (meters)



Ix, Iy, 1z,
Ix-ly
mb2
Iy - Iy
mb2
Iz - Ix
b2
m
S
\'
X
Z
o
i3
p
¢
Q

moments of inertia about X, Y, and Z body axes, respectively, slug-feet2
(kilogram-meters2)

inertia yawing-moment parameter
inertia rolling-moment parameter

inertia pitching-moment parameter

mass of airplane, slugs (kilograms)

wing area, feet? (meters?)

full-scale true rate of- descent, feet/second (meters/second)

distance of center of gravity rearward of leading edge of mean aerodynamic
chord, feet (meters)

distance between center of gravity and fuselage reference line (positive when
center of gravity is below line), feet (meters)

angle between fuselage reference line and vertical (approximately equal to
absolute value of angle of attack at plane of symmetry), degrees.

relative density of airplane, m/pSb

air density, slugs/foot3 (kilograms/meter3)

angle between span axis and horizontal, degrees

full-scale angular velocity about spin axis, revolutions/second

TESTS

The tests were run in the Langley spin tunnel, which is described in reference 2.

The test technique is described in detail in reference 2, and a brief summary of the tech-
nique is given in the appendix of the present report for the convenience of the reader.
The appendix also indicates the precision of measurement of the characteristics of the

spin,
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The erect and inverted spin and recovery characteristics were determined for
center -of -gravity locations of 23 percent and 30 percent of the mean aerodynamic chord.
The effects of upper-surface spoilers and both inboard and outboard ailerons were inves-
tigated. Tests were also conducted with small rockets mounted on the wing tips to deter-
mine the yawing moment required for an emergency spin recovery.

MODEL

A 1/20-scale model of the airplane was built and prepared for testing by the Langley
Research Center. A three-view drawing of the model showing the comparison of the
present modified design with the original design is shown in figure 1, and photographs of
the model in the clean configuration are shown in figure 2, The dimensional character-
istics are presented in table I, together with the dimensional characteristics of the orig~
inal design.

The model was ballasted to obtain dynamic similarity to the airplane at an altitude
of 20 000 feet (6096 meters) (p = 0.001267 slug/ft3 or 0.65 kg/m3). The mass character-
istics and inertia parameters for typical loadings possible on the airplane and for the cor-
responding loading conditions tested on the model are presented in table II.

Because it is impracticable to ballast models exactly and because of inadvertent
damage to models during tests, the measured weight and mass distribution of the present
modified model investigated varied from the true scaled-down values within the following
limits:

Weight, percent . . . . . . v i ¢t v i i bt e e e e e e e e e e e e e e 0 to 2.5 high
Center-of-gravity location, percent € . . . . . ¢ v v v v o v v o o o v & 0 to 1 forward
Moments of inertia:
Ig,percent . . . . . . 0 o i o i it e e e e e e e e v e e e e e e e 0 to 4 high
Iy, percent . . . . o 0 0 v i i i e e e e e e e e e e e e e e e e 1 high to 2 high
Iy, percent . . . . . . . . 0 i i i e e e e e e e e e e e e e e 1 low to 1 high

A remote-control mechanism was installed in the model to actuate the control sur-
faces and rockets for the recovery attempts. Sufficient torque was exerted on the con-
trols to reverse them fully and rapidly for the recovery attempts. The airplane was
equipped with both outboard and inboard ailerons, but when the tests were started only
the outboard ailerons were used for normal flight. However, this was later changed so
that both the inboard and outboard ailerons were used on the airplane for normal flight,
The maximum control deflections (measured perpendicular to the hinge lines) of the air-
plane used on the model were;



Rudder, deg . . . ¢ . & ¢ v o o o o o o o o s s o o a8 e o s o o o o o oo 25 right, 25 left

Elevator, deg . . . . v s« o v v 0 v v s o o a0 a o 8 8 o0 0 s o a6 0 s 35 up, 25 down
Ailerons, deg
Outboard only (firstdesignused) . . . v v v ¢ ¢ o v o v v v v v o oW 20 up, 20 down
Outboard plus inboard (design changed) . . . . . e e e e e e e e e 25 up, 25 down

RESULTS AND DISCUSSION

The results of the model spin tests are presented in charts 1 to 3 and in tables III
and IV, The model data are presented in terms of full-scale values for the airplane at
an altitude of 20 000 feet (6096 meters). Inasmuch as the results for right and left spins
were generally similar, the data are presented arbitrarily in terms of right spins. The
model in the clean configuration has the sponsons on. (See fig. 1.) Propellers were not
simulated on the model, but on the basis of spin-tunnel experience, the results presented
are considered to be generally applicable for the airplane spinning either to the right or -
to the left with idling propellers. Because the two propellers of the airplane rotate in
opposite directions, there would be virtually no gyroscopic effects on the spinning
airplane.

In general, the tests showed that the model had a fairly steep fast-rotating spin
with angles of attack of about 20° to 30°. The model appeared to have two spin modes,
with the angle of attack of the steeper mode being about 20° and with the angle of attack
of the flatter mode being about 30°. The model would alternate from one of these modes
to the other so fast that the spin was considered to be oscillatory. For the inverted
spins, the tests showed that the model had a fast-rotating spin with angles of attack that
oscillated from 25° to 70° and also oscillated in roll about +25°.

Satisfactory recoveries could be obtained from any of the -spins obtained on the
model in either the erect or inverted attitudes by use of the optimum control technique,
which is reversing the rudder to full against the spin followed about one-half turn later
by neutralizing the lateral and longitudinal controls to prevent the model from entering
a spin in the opposite direction.

Erect Spins

~ For erect spins, the data in the charts are presented in the following order:
Results for elevator up (stick back) at the top of the chart, results for elevator down
(stick forward) at the bottom of the chart, results for ailerons with the spin (stick right
in a right spin) on the right side of the chart, and results for ailerons against (stick left)
on the left side of the chart.



Normal loading.~ The results of the erect-spin tests for the normal loading
(loading 1, see table II) with a center-of-gravity location of 0.23C are presented in
chart 1. These tests were made by using only the outboard ailerons with a +20° deflec-
tion, The results indicate that the spins are fast and steep. For the normal spin con-
trol settings, elevator full up and ailerons neutral, the period of the spin was about 2 sec-
onds per turn at an angle of attack of approximately 25, This spin condition was about
the same for all spins obtained for all control settings investigated. When the controls
were set with elevators and ailerons neutral, both a spin and a no spin were obtained,
with the no spin being the predominant condition. For the no-spin condition, the model

would go into a dive while the pro-spin control settings were maintained, When the con-
trols were set with elevators neutral and the ailerons full against, the model would not
spin but would go into a dive. The data presented indicate that for all control combina-
tions investigated, satisfactory recoveries were obtained by reversal of the rudder to
full against the spin. The recoveries were rapid in all tests and the post-recovery
motion was either a dive or a glide, The gliding motion was usually the result of the

$

elevator being up.

Effect of varying center-of-gravity location,- The results of the erect-spin tests
with the rearward center-of-gravity location (0.30c, loading 8, see table II) for the nor-
mal loading are presented in chart 2. These tests were made by using both the outboard
and inboard ailerons, with a +25° deflection. These results show that generally the spins
obtained were similar to those for the normal-loading center-of-gravity location (0.23¢)
in chart 1, but the spins were somewhat slower and not quite as steep. For the normal
spin control settings, elevator full up and ailerons neutral, the period of the spin was
about 2.5 seconds per turn at an angle of attack of approximately 30°, When the controls
were set with elevators neutral and the ailerons full against, the model would spin;
whereas, with the normal-loading center-of-gravity location of 0.23c, it did not. How-
ever, for all spins obtained for all control combinations investigated, satisfactory recov-
eries were obtained by reversal of the rudder to full against the spin. The recoveries
were about the same as they were for the forward center-of-gravity location of 0.23cC.

Effect of upper-surface spoilers and inboard and outboard ailerons with increased
aileron deflections.- The airplane investigated had inboard and outboard ailerons and
upper-surface spoilers for roll control. In normal flight the outboard ailerons with +20°

deflection and spoilers were originally used. After most of the model test program was
completed, the airplane roll-control system was changed so that both the inboard and out-
board aileron with +25° deflections and spoilers were used. Brief tests were then made
on the model to evaluate this change by using both the inboard and outboard ailerons with
the increased deflection. The effect of the spoilers was also evaluated. These tests
were made for the normal loading with the center-of-gravity location of 0.23¢. The
results of these tests are presented in table III,



The results indicate that when both inboard and outboard ailerons were used and
set against the spin the spin rate (2.5 seconds per turn) was a little slower than when
using only the outboard ailerons (2 seconds per turn), However, when both the inboard
and outboard ailerons were used and set with the spin, the spin rate was faster (1.6 sec-
onds per turn) than when only the outboard ailerons were used (2 seconds per turn).

The results also indicated that the spoilers when deflected up had no effect on the spin.
Recoveries were satisfactory from all the spins by reversing the rudder to full against
the spin.

Inverted Spins

. The order used for presenting the data in the charts for inverted spins is different
from that used for erect spins. For inverted spins, data for ailerons with the spin (con-
trols crossed — that is, left rudder pedal forward and stick to the pilot's right for a spin
with rotation to the pilot's left) are presented on the right side of the chart and data for
the ailerons against the spin (controls together — that is, left rudder pedal forward and
stick to the pilot's left for a s‘pin to the pilot's left) are presented on the left side of the
chart. When the controls are crossed in an inverted spin, the ailerons aid the rolling
motion; when the controls are together, the ailerons oppose the rolling motion. The
angle of wing tilt in the chart is given as up (U) or down (D) relative to the ground. The
elevator up or down deflection is also given relative to the ground; therefore, the results
for elevator up (stick forward) are presented at the top of the chart and those for elevator
down (stick back) are presented at the bottom of the chart.

The results of tests to determine the inverted spin and recovery characteristics
are presented in chart 3. The tests were made for the normal loading with rearward
center of gravity (0.30¢, loading 8, see table II). Tests were also made by using both the
inboard and outboard ailerons with a maximum deflection of 25% The results show that
spins were obtained only when the ailerons were full with the spin. The spins were oscil-
latory with the angle of attack averaging about 40° and the rate of rotation about 2.5 sec-
onds per turn. The model did not spin for any of the other control settings investigated.
Recoveries from the spins were satisfactory by reversing the rudder to full against the
spin.

Spin~Recovery Rocket Tests

The results of tests to evaluate the use of rockets for emergency recovery from
demonstration spins are presented in table IV, The rockets were mounted on the wings
at various distances from the fuselage center line to provide the moments indicated in
the table. The rocket thrust and the number of seconds that the rocket fired are shown
in the table. Airplane and model values under each heading pertaining to the rockets are



given for comparison purposes. The design values are presented for the airplane and
the model values used for the tests and converted to full-scale values are presented for
the model.

In previous investigations on other models to determine the size rocket needed for
spin recovery, the direction of the rocket thrust with respect to the principal axes seemed
to be important. The maximum inclination of the principal axes to the body axes on this
airplane was about 8°. On the original model (ref. 1), tests were made with the rocket
thrust set parallel to the body axes and this setting resulted in a small rolling-moment
component about the principal longitudinal axis (aileron-against effects). Tests with the-
rocket thrust set at a 10° angle to the body axes resulted in a pure yawing moment about
the principal vertical axis. The results of the tests in reference 1 indicated that the tilt .
angle of the thrust vector had no appreciable effect on the recovery characteristics for
this design. Therefore, the tests on the present modified model were made with the
rocket thrust set parallel to the body axes.

Tests were made on the model for the normal loading and center-of-gravity -posi-
tion (loading 1, see table II), the normal loading and rearward center-of-gravity position
(loading 8, table II), and for a wing heavy condition where I—}g;%-z =94 x 1074 (loading 9,
table II). The tests were made for the wing heavy condition ir:g simulate a loading that
was possible on the original design. (See ref. 1.)

The results of the tests presented in table IV indicate that approximately 27 600 ft-1b
(37 421 m-N) of yawing moment for 4.47 seconds (full scale) was adequate for satisfactory
recoveries,

It is of importance to point out the significance of some of the unsatisfactory rocket
recovery attempts obtained on the original design, as seen in reference 1. In several
tests where no recovery was obtained, the total impulse was the same as that used for
some of the satisfactory recovery attempts, but the applied‘ yawing moment was less for
the no-recovery results. A small yawing moment may be unsatisfactory, therefore, even
though it could be applied over a long period of time, In addition, these results have
shown that a rocket with a short burning time cannot necessarily be compensated for by
increasing the applied yawing moment. In many cases, the unsatisfactory recoveries
resulted because the model did not stop rotating by the time the rocket stopped firing.

It is necessary, therefore, that the rocket not only provide sufficient yawing moment for
recovery, but also provide the moment for as long as the rotation is present.

Recommended Recovery Technique

On the basis of the results obtained in this investigation, the following recovery
technique is recommended for the airplane for erect and inverted spins for all loading



conditions: Move rudder to full against the spin and then move the elevators and ailerons
to neutral about one-half turn later,

Comparison of Model Test Results of the Modified Airplane
With Those of Original Airplane (Ref. 1)

As previously mentioned, the dimensional characteristics which show a comparison
between the modified and original (ref. 1) straight-wing, twin-boom, counter-insurgency
airplanes are shown in table I, A three-view drawing of the model showing the modified
and the original design is shown in figure 1. The results of the spin tests of the original
design are presented in reference 1. Comparing the airplane mass characteristics of
the original design (ref. 1, table II) with the modified design (table II), it can be seen that
the weight for the modified model is about 20 percent higher, the center of gravity for

normal loading conditions is farther forward, and the moment of inertias have changed so
Ix-ly

") is nearer to 0 and ranges from about
m

that the inertia yawing-moment parameter
-17 x 10~ to 69 x 10-4,

Comparison of the results presented in the charts for the two models investigated
shows that for all loadings for both models the spin is generally steep with some oscilla-
tion in pitch and roll and that the rate of rotation is fast. The recoveries from all spins
were satisfactory by reversal of the rudder to full against the spin. It appears, there-
fore, that the modifications made on the present model from the original model had no
noticeable adverse effect on the spin and recovery characteristics.

Stores were not tested on the present model, but based on the tests for the original
model (ref. 1) it is not expected that stores would have any significant aerodynamic effect
on the spin and recovery characteristics of the present modified model. The investiga-
tions with stores on the original model were made with the mass-parameter range

Ix -1 .
X sz =117 % 107% t0 -197 x 104 and it showed no significant effect on the spin or
m

recovery. Since the range of mass parameters tested on the present model was
Ix -1y

mb2. : . e .
significant effect on the spin and recovery characteristics of the modified model than it

did on the original model (ref. 1).

=94 x 104 to -19 X 10‘4, it is not expected that the stores would have any more

CONCLUSIONS

Based on the results of tests of a 1/20-scale model of the modified straight-wing,
twin-boom, counter-insurgency airplane, the following conclusions regarding the spin
and recovery characteristics of the airplane at 20 000 feet (6096 meters) are made:



1. The optimum recovery technique is movement of the rudder to full against the
spin followed by movement of the elevators and ailerons to neutral about one-half turn
later.

2. Recoveries from all erect and inverted spins will be satisfactory by using the
optimum recovery technique,

3. Spins obtained with an aft center-of-gravity location will be somewhat slower in
rotation and not quite as steep as the spins with the forward center-of-gravity location.
However, the center-of-gravity location will have no appreciable effect on the recoveries.

4, Upper-surface spoilers will have little or no effect on the spin or recoveries.

5. When the inboard and outboard ailerons are used, somewhat faster spin rates -
will be obtained when ailerons are set with the spin. The recoveries will be satisfactory
by using the optimum recovery technique.

6. A rocket mounted on the wing to give an antispin yawing moment of 27 600 ft-1b
(37 421 m-N) about the Z body axis for at least 4.5 seconds (full scale) will be satis-
factory for emergency recoveries from any spins obtained.

Langley Research Center,
National Aeronautics and Space Administration,
Hampton, Va., July 2, 1970,



APPENDIX
TEST METHODS AND PRECISION

Model Testing Technique

General descriptions of model testing techniques, methods of interpreting test
results, and correlation between model and airplane results are presented in reference 2.

Spin-tunnel tests are usually performed to determine the spin and recovery char-
acteristics of a model for the normal control configuration for spinning (elevator full up,
lateral controls neutral, and rudder full with the spin) and for various other lateral con-
trol and elevator combinations including neutral and maximum settings of the surfaces.
Recovery is generally attempted by rapid full reversal of the rudder, by rapid full rever-~
sal of both rudder and elevator, or by rapid full reversal of the rudder simultaneously
with the movement of the ailerons to full with the spin. Tests are conducted for the var-
ious possible loading conditions of the airplane because the control manipulation required
for recovery is generally dependent on the mass and dimensional characteristics of the
model. (See ref. 2.) Tests are also performed to evaluate the possible adverse effects
on recovery of small deviations from the normal control configuration for spinning. For
these tests, the elevator is set at either full-up deflection or two-thirds of its full-up
deflection, and the lateral controls are set at one-third of full deflection in the direction
conducive to slower recoveries, which may be either against the spin (stick left in a right
spin) or with the spin, depending primarily on the mass characteristics of the particular
model. Recovery is attempted by rapidly reversing the rudder from full with the spin to
only two-thirds against the spin, by simultaneous rudder reversal to two-thirds against
the spin, and movement of the elevator to either neutral or two-thirds down, or by simul-
taneous rudder reversal to two-thirds against the spin and stick movement to two-thirds
with the spin. This control configuration and manipulation is referred to as the "criterion
spin," the particular control settings and manipulation used being dependent on the mass
and dimensional characteristics of the model.

Turns for recovery are measured from the time the controls are moved to the time
the spin rotation ceases, Recovery characteristics of a model are generally considered
to be satisfactory if recovery attempted from the criterion spin in any of the manners
previously described is accomplished within 2% turns. This value has been selected on
the basis of full-scale-airplane spin-recovery data that are available for comparison

. with corresponding model test results.

For spins in which a model has a rate of descent in excess of that which can readily
be obtained in the tunnel, the rate of descent is recorded as greater than the velocity at
the time the model hit the safety net, for example, >300 ft/sec (>91 m/sec), full scale.
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APPENDIX

In such tests, the recoveries are attempted before the model reaches its final steeper
attitude and while it is still descending in the tunnel. Such results are considered con-
servative; that is, recoveries are generally not as fast as when the model is in the final
steeper attitude. For recovery attempts in which a model strikes the safety net while it
was still in a spin, the recovery is recorded as greater than the number of turns from the
time the controls were moved to the time the model struck the net, for example, >3. A
>3-turn recovery, however, does not necessarily indicate an improvement over a >7-turn
recovery. A recovery of 10 or more turns is indicated by «~. When a model recovers
without control movement (rudder held with the spin), the results are designated as "o
spin."

For spin-recovery rocket tests, the minimum moment due to rocket thrust required
to effect recovery within 2%— turns from the criterion spin is determined. The rocket is
fired for the recovery attempts by actuating the remote-control mechanism, and the rud-
der is held with the spin so that recovery is due to the rocket action alone.

Precision

Results determined in free-spinning tunnel tests are believed to be true values
given by models within the following limits:

0« +1
5T o L £1
8 £ o =) 1 +5
R o< o ) 1 +2
Turns for recovery obtained from motion-picture records . . . . ... ... ... +1/4
Turns for recovery obtained visually . . . . . . . . . ¢ v v v o v o v v v oo .. =1/2

The preceding limits may be exceeded for certain spins in which the model is difficult to
control in the tunnel because of the high rate of descent or because of the wandering or
oscillatory nature of the spin.

The accuracy of measuring the weight and mass distribution of models is believed
to be within the following limits:

Weight, percent . . . . . . . 0 0 0 i e s e e e e e e e e e e e e e e e e e e e e +1
Center-of-gravity location, percent €. . . . v v v« v v v v v b b 0 0 v v e e e . +1
Moments of inertia, percent . . . . . . . . . 0 0t et e e e e e e e e e e e e e e 15

Controls are set within an accuracy of +1°,

11
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CHART 1.— SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

Elecovery attempted by full rudder reversal unless otherwise noted. Recovery was attempted from’

and developed-spin data were presented for rudder full with the spin.:l

Airplane Attitude Direction Loading —L (see table II ) Clean airplene with sponsons on
Erect Right and 60-percent fuel.
Slats Flaps Center-of-gravity position, géhci)t(%ﬂeft Maximum aileron
0.23¢ (6096 m) deflection £20°
Mode! values converted to full scale U-—inner wing up D-inner wing down
a a
4y 32 19 2D
21 3 a5 2y | P "3k | 15D
O f=
g A
Al %
~300 [0.49 Ol @ 306 | 0.56 ~300 R0.52
= — Iy
13 a [ 113 3
2k ' Pt
21 ¢}
33 | 15D
Elevators 2718 ")
306 0.7 sl 3
E 3] @
b b :x A
1 l o 'O
5 15 =R e
c ad cd
23 gg
Ailerons full against No Ajlerons full with
(stick left) 318 |0.56 spin (stick right)
No 3
spin Iy
=
g
o
8zl &
—
S48
ERAN
2
4
a a
Oscillatory spin. Range or average values given. (deq) {deg)
bRecovery by reversing rudder to %-against the spin. v Q
*
®Goes steep and dives out. {fps) (rps)
d‘I‘wo conditions possible.
Turns for recovery

18

%
To convert to m/sec,
muttiply by 0.3048.



CHART 2 —

SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery attempted by full rudder reversal unless otherwise noted. . Recovery was attempted from

and developed-spin data were presented for rudder full with the spin.]

Airplane Attitude Direction Loading 8 . (see table II__) Clean airplane with sponsons on .
and 60-percent fuel., Aft center
Erect Right of gravity.
Slats Flaps Center—of-gravity position, 2@'883”& Maximum aileron
0.308 (6096 m) deflection +25°
Mode! values converted to full scale U~—inner wing up D~inner wing down
8 3
al & 20 | 150 23 |25u
g
26 3U g ) 41 U 5)+ 2U
5 ®
Al @
~300 | 0.29 < i ~273 | 0.37 ~273 [0.h1
1 1 3
5 A 50 2 iy
2U
25 6D
Elevator . i —
300 0.45 § % .§
5 b b S
L1 243
2’ 2 = 3
=z
c ac
15U
26 | 11U 2k &
Allerons full agpinst Ailerons full with
278 1 0.46 | 289 | 0.48 A . .
(stick left) (stick right)
1 1 1 1 No
273 223 spin
ol
g
55l B
2| &
mal s
2
{
aOscillatory spin., Range or average values given. (da) deq)
e e
Recovery by reversing rudder to %against the spin. ,g 9
o conditions possible. v * L
{fps) (rps)
Turns for recovery

*
To convert to m/sec,

multiply by O.

3048,
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CHART 3.—- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL

[Recovery attempted by full rudder reversal unless otherwise noted. Recovery was attempted from

and developedspin data were presented for rudder full with the spin.]

Airplane Attitude Direction Loading —.8  (see table LL__) Clzagoairplani vfii‘dl1 sponsons on
To pilot's an =percent fuel. center
Inverted lgft of gravity.
Slats Flaps Center—of—gravity position, 28"(')'88%{; Maximum aileron
0.30c (6096 m) deflection 257
Mode! values converted to full scale U—inner wing up D-inner wing down
a b c
25 [250
@ 69 |27D
< ]
gl s
9 &
2 it ~212 [0.57
<t
No . No I
spin spin L1
’E.? Elevator
o
2
5 o, E 3— down
4:5 j [ No
g ,g § spin
SR Lo
n
et
d d ec ec
39 2D 24 | 12U
48 | 10D 56 | 18U
Ailerons full against Ailerons full with
(Stick to pilot's left, (Stick to pilot's right, 225 | 0.hk| 233 | 0.47
controls together) controls crossed)
No No 1, 1 b
spin spin s T
g g
83l8
£ gla
g - |
[T I
(== B
==l a2
aMay start spinning in opposite direction or become erect. a
b (deg (deg)
Dives out.
FOscillatory spin. Range or average values given. (fV )-x- (‘Q’)
ps) ps
d'Dives out and goes into an erect spin.
®Two conditions possible. Turns for recovery
*

To convert to m/sec,
multiply by 0.3048,
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Airplane

Modified design
_____ Original design (ref, 1)

; 24.00 (60.96) '
!
| I._ﬁs. 5 (22.23)
| e e
i i
il ' |
! L Ly ,
Q 7 =, / I” \? J‘; 7
HES
+ t: - P
TRy
2.90 (60,72

N X S ——

g
—0.87 (2.2 — i
:Fuselage reference line

=

Figure 1.- Three-view drawing of the modified l/EO—scale model of the straight-
wing, twin-boom, counter-insurgency airplane with a comparison drawing of the
original design (ref. 1). Center-of-gravity position shown is 0.238. All
dimensions are in inches, parenthetically in centimeters.
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L-67-8935

L-67-8937

Figure 2.- The 1/20-scale model of the airplane as tested in the
Langley spin tunnel.

NASA-Langley, 1970 —— 12

L-7142






